A new kind of deformed boson operators is proposed to be consistent with the large noncommutativity parameters on noncommutative plane when noncommutativity of momentum spaces is considered. Using this kind of deformed boson operators, the coherent states and squeezed states are constructed, and their properties are discussed in detail. 
Introduction
The issue of noncommutative geometry is not a new concept and dates to the 1940s [1, 2] . Recently there has been a renewed interest in noncommutative geometry due to the discovery in string theory and in the matrix model of M-theory [3] [4] [5] [6] [7] [8] [9] . Thus, motivated by the existence of noncommutative branes, there have been many papers dealing with noncommutative field theories (NCFT) [10, 11] . Moreover, in the free field or weak coupling limit one particle sector of field theories leads to single particle quantum mechanics, at low energies the noncommutative field prompts the study of noncommutative quantum mechanics (NCQM), such as Quantum Hall effect [12, 13] , noncommutative Landau problem on plane [14] [15] [16] , the twodimensional quantum system with arbitrary central potential [17, 18] , gravitational quantum well and its Berry phase [19, 20] , A-B effect [21, 22] , A-C effect [23] , DKP and Dirac oscillators [24] [25] [26] [27] , etc. On other hand, in string theory noncommutativity appears only at the coordinates level. However, at quantum mechanical level momentum noncommutativity may naturally arise as a consequence of coordinates' noncommutativity, as momenta are defined as the partial derivatives of the action with respect to the noncommutative spatial coordinates [28] . Here we consider the noncommutative plane, where space-space noncommutativity (space-time noncommutativity is not considered) and momentum-momentum noncommutativity are given by
which imply the uncertainty relations
To our knowledge, there are Refs. [29, 30] to construct the deformed boson operators in noncommutative phase space, given byˆ
Using this kind of deformed boson operators, the coherent states and squeezed states in noncommutative phase space have been constructed [31] . Worth to note, the formula in reference [31] is desirable only when µν 2 . As we know, the noncommutativity of momentum spaces can be enhanced in the presence of constant magnetic field [14] . Thus, the large constant external magnetic field corresponds to large noncommutativity parameter of momentum spaces, and theoretically it is possible to achieve the condition µν > 2 when the intensity of the external magnetic field is large enough. However, for the large noncommutativity parameters (when µν > 2 ) the formula in reference [31] will lose effectiveness. In this paper we will fill in the blanks by giving a new kind of deformed boson operators, and constructing the new kind of coherent states and squeezed states to be consistent with µν > 2 . The paper is organized as follows. In Sec. 2 we propose the new kind of deformed boson operators, and discuss the properties of the vacuum states. In Sec. 3 the coherent states are constructed, and by studying the Heisenberg uncertainty relations we find that this kind of coherent states is applicable only when µν 2 . Furthermore, the coherent state representation is built. In Sec. 4 we construct the squeezing states, which are also only valid on the phase µν 2 . In addition, we give a discussion on the squeezing effects of the squeezing states, and investigate the properties of the two-mode quadrature operators in the squeezing states. A brief summary and remarks are made in Sec. 5.
New kind of deformed boson operators
We propose a new kind of deformed boson operators aŝ
and according to (1) the above operators satisfy the commutation relations
where τ = √ µν . To our knowledge, this type of deformed boson commutation relations firstly appeared in early work by Caves and Schumaker [32, 33] in quantum optics, and recently was extensively studied in NCQM [29] [30] [31] 34 ]. Here we would like to emphasize that our discussion only works for the case of µ and ν both nonzero. In order to construct the coherent states and squeezed states, now we define the vacuum state |0 , which is normalized and destroyed by the deformed boson operatorŝ 1 andˆ 2 . It will be helpful to review some general schemes in quantum mechanics [35] . Given two self-adjoint operatorsÂ B obeying [Â B ] = Ĉ , which derives the following inequalities
where Ψ is any normalized state, I is a unit operator, and
for someγ ∈ R.
Obviously the defined vacuum state |0 here saturates (2a) and (2b), but according to (3) the vacuum state in Ref. [31] saturates (2c) and (2d). Thus, the coherent states and the squeezing states based on our vacuum state will have some observably different properties with those in Ref. [31] .
Deformed coherent state
We define a unitary two-mode displacement operator as
where ξ η are complex numbers, and one can easily get the property
From (9) it can be easily found that the operator D(ξ η) carries out a parallel translation on the deformed annihilation operatorsˆ 1 andˆ 2 , which is the reason people call it displacement operator. Now one can construct a two-mode coherent state in the noncommutative phase space
which satisfiesˆ
Obviously |ξ η is the common eigenstate of deformed annihilation operatorsˆ 1 andˆ 2 .
From (4) we obtain
Takingˆ for example, using (9), (11) we have
Thus, we obtain the the variance ofˆ as
Following the same procedure, we obtain
Evidently, it can be found that
which satisfy the Heisenberg uncertainty relations (2a) and (2b). On the other hand, according to (15) , (16) we also obtain
which imply that only when µν 2 , the Heisenberg uncertainty relations (2c) and (2d) are satisfied. In other words, the coherent states based on deformed boson operators (4) are valid only in the phase µν 2 . The inner product of two coherent states can be easily obtained as
and the corresponding resolution of the identity is
Thus, the coherent state representation can be proposed in noncommutative phase space. Just like the wave function in the coordinate representation in ordinary commutative space quantum mechanics, in noncommutative phase space every state |ψ maps a function ψ(ξ η) in the coherent state representation, given by
and from the resolution of the identity the inner product of two states can be obtained as
The functional form of the deformed boson operators can be obtained easily, given bŷ †
Therefore, in the coherent state representation the deformed creation operatorsˆ † 1 andˆ † 2 become simple parameter operators, and the deformed annihilation operatorsˆ 1 andˆ 2 become differential operators. As we know, many important operators can be represented by the deformed boson operators (4), hence in the coherent state representation the complicated calculation among operators may be translated as simple differential equations.
Deformed squeezed states
We introduce a two-mode squeezing operator [31] in the noncommutative phase space
where is a complex number ( = , and are the squeezing parameter and squeezing angle respectively), and one has the following property
which clearly generalizes the well-known Bogoliubov's transformation [36] in the ordinary commutative space to the noncommutative phase space. So we will call it generalized or deformed Bogoliubov's transformation. Now one can construct the two-mode squeezed state in the noncommutative phase space
Multiplying (20) by S( ) from the left-side and by S( ) † from the right-side, one has
which means the two-mode squeezed states also have the over-complete property. Hence, the squeezed state representation can be also built.
Using (9), (11), (12), (26) and (27) 
Obviously, the variances of the basic operators are only dependent on the squeezing parameter, squeezing angle and the noncommutative parameter τ. (35) may occur for some ranges of the parameter . Therefore, the two-mode squeezing state |ξ η; may exhibit some squeezing effects for these cases. Now we will discuss the two-mode quadrature operators, which are defined as followinĝ 
Conclusions
We propose a new kind of deformed boson operators, under which the coherent states and squeezing states are constructed. By investigating the Heisenberg uncertainty relations of the coherent states and squeezing states, we find that the coherent states and squeezing states based on the deformed boson operators (4) are valid only on the phase µν 2 . Reminding that the coherent states and squeezing states in Ref. [31] are only valid on the other phase µν 2 , the sign of 2 − µν determines which kind of deformed boson operators should be used to construct coherent states and squeezing states. Moreover, based on the deformed boson operators in our paper it will be direct to build the entangled states in noncommutative phase space by the method proposed in Ref. [34] .
